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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to the preparation of triethylenediamine (TEDA) and piperazine (PIP) by contact- 
ing nitrogen-containing compounds with zeolites at elevated temperature 

[0002] The synthesis of TEDA and PIP from a variety of amine compounds using metallosilicates is well known in the 

[0003] US. 3.956.329 discloses a process for preparing TEDA from a number of amine compounds using untreated 
zeolite catalysts with a 8KV AI-jQ, (silica to alumina) ratio between 2 and 12 9 umreatea 

22S a ^'/t 4,804 T 58 < diSC 'f 68 * e preparation 01 "^DA ,rom ^ain heterocyclic amines in the presence of boro- 
silicate and/or iron silicate zeolites as catalysts. 

!2 a U i!f 6 ' 96 !! ld ?' 041 ' 548dfeCl0Se preparation of TEDAfrom amine compounds using a catalyst com- 
pnsmg I a evsUhne metallosH.cate having a silica/metal oxide molar ratio of 12/1 or more, in particular a metallcSSte 
crystallized in the presence of an organic crystallizing agent meiaiiosiucate 
[0006] EP 1 58 319 discloses a method of preparing TEDA by contacting acyclic or heterocyclic amines with untreated 
high-silica zeolite having a silica to alumina ratio of at least 20 to 1. wnn umreatea 

1 P J* Z ^ diSC '°f es a P^ 685 for synthesizing TEDA from ethylenediamine and 0 to 200 mole% PIP on alu- 
minum, boron, gallium and/or iron silicate zeolites. 

EL ,!L 4 ~ diSC ^ 6 , 5 J he pr .« paration °* TCDA and p,p *«" ethylenediamine-water mixtures which is cata- 

Se^?^ 

Ssf^y KS^. Sn^T be """^ direCBy 10 TEDA ^ ^ PrSSenCe " — -** 

Zalnes'u^S SSSSr ^ " ^ ^ P ' P ^ ^ * b " 

sr. 1 jxs sssss (voL 144> p556 " 568 ' 1993) describes 1,16 1,56 ° f pertaa ' 1 ~»« *» ™ s ^ h - is 

so SfeprcJs^ 3 " 0 " ° f 2e ° ,iteS With SiHCOn COmpounds has been used for impravin 9 catalytic properties of some spe- 

S^u^l 5 ;^ 04 .? 80 ' 08 ^ ! e ° ,ite 03131X5,8 WhiCh h3ve been modi,ied b * bein ° e * s * u selectivated with a silicon 
compound to improve their catalytic propert.es for hydrocarbon conversions such as toluene disproportionation proc- 

- EX IZa t^^"" * ^ Orth0 " ^ * imp ™ -lec- 

BRIEF SUMMARY OF THE INVENTION 

SS. , JT^. reSen II nVe , , l ti0n iS direCted t0 3 prOCeSS for preparin ° and P,p ■* contacting an amine-containing 
compound wrth a pentas.l-type zeolite in the hydrogen (H + ) and/or ammonium (NH 4+ ) form at elevated temperatures 

c^eSo 6 ££5 "US ^ T fe ° ne Wh0SB SUrf3Ce h3S been at Partly passivat^o 3 at 
S oSS sotTent ° f 4+ ^ SSiVa,i0n fe Perf0m,ed by tre3tin9 the 2eo,ite with certain Silicon compounds* 

Ef .h^l^frriT^^lT 6 ^ 81 le3St P"*"* and P erman e"«y deactivates, or selectivates. the external 
srtes of the zeolite catalyst for acid catalyzed reactions by providing a coating of silicon material on the surface and sur- 

mTnSrrS I°r d TEDA 300 P ' P produCtion - * •» «*. compourKis S^Tn 

a^ 9 gi^un a dl>2^ 

so DETAILED DESCRIPTION OF THE INVENTION 

21 £ e *l S ^l n9 h to b ! US6d i " the process for preparin 9 and PIP. any amine compounds typically 

SLSnT JEL ' SU ° h 35 etnano,amines - includin 0 monoethanolamine. diethanolamme andWeth- 

niJSS mT^' "^L" B 6thylenediamine - diethylenetriamine and triethylenetetramine; piperazines 
^S^^eTgS^" 16 ' ^^roxyethyDpperazine and N-aminoethy^^erazine^morpholine 
[0018] The crystalline metallosilicate (zeolite), which is used as the catalyst in the process, has a crystal skeleton 
mainly compnsed of sflicon dioxide (silica; S.C^arri a metal oxide such as aluminum o^ 
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or boron oxide. Alumina is the preferred metal oxide. The silica/metal oxide molar ratio is 12:1 or more, preferably 20:1 
to 1000:1 , and more preferably 50:1 to 500:1. If the silica/metal oxide molar ratio is less than 12:1. the yield of TEDA 
and PIP may be undesirably low. 

[0019] There are no special limitations to the crystalline metallosilicate that is used as long as it satisfies the above 
5 silica/metal oxide molar ratio. Crystalline aluminosilicates having a main pore made of a ten-member ring of oxygen, 
especially those belonging to members of the pentasil-type structure, are preferred with ZSM-5 zeolite being most pre- 
ferred. 

[0020] The preparation of suitable pentasil zeolite catalysts is well known to those skilled in the art as illustrated by 
the previously cited patents and literature references. In addition, suitable pentasil zeolites are commercially available 
10 from many sources such as Degussa AG and CU Chemie Uetikon AG. 

[0021 ] Crystalline aluminosilicates of the pentasil family as obtained by hydrothermal synthesis using an organic crys- 
tallizing agent are particularly preferred. Among the pentasil types, the zeolite structures ZSM-5, ZSM-1 1 , ZSM-8, and 
ZSM-5/ZSM-1 1 -intermediates are preferred, especially ZSM-5. 

[0022] The zeolite catalysts are used in their hydrogen form (H+) and/or their ammonium form (NH 4 +) after having 

is undergone the surface passivation treatment 

[0023] For example, a pentasil-type crystalline aluminosilicate can be prepared by the hydrothermal synthesis using 
a mixture composed mainly of a silica source, e.g.. colloidal silica, silica gel. or silicic acid salts such as water glass, 
and an aluminum oxide source, e.g., the sulfuric acid salts, nitric acid salts or oxy acid salts of alumina, such as alumi- 
num sulfate and sodium aluminate. in the absence or preferably in the presence of an organic crystallizing agent, e.g., 

20 amines such as tetraalkylammonium halide having 2 to 5 carbon atoms. 

[0024] There is also known a method in which the hydrothermal synthesis is performed in the presence of alkali metal 
compounds such as the hydroxides and halides of alkali metal such as sodium and the like. 

[0025] The crystalline aluminosilicate obtained by these methods is generally not of the H+ or NH 4 + form, but of the 
form that H+ and NH 4 + are replaced by quaternary ammonium ion and/or alkali metal ion such as Na+ and the like. 
25 Therefore, the crystalline aluminosilicate must be changed into the H+ or NH 4 + form, and this exchange can be easily 
achieved by known methods. 

[0026] With regard to the surface passivation treatment, useful passivating agents, i.e.. silicon-containing materials 
capable of passivating the surface of a crystalline aluminosilicate, include those silicon-containing materials which are 
disclosed as selectivating agents in US 5.365.004 at Col 5(26-6/16. which disclosure is incorporated by reference. 

30 [0027] Examples of silicon-containing passivating agents for use in the passivation treatment include tetraalkoxysi- 
lanes also known as tetraalkyl orthosilicates. such as tetramethoxysilane and tetraethoxysilane, dimer to hexamer of 
tetraalkoxysilanes, silicon tetrachloride, dimethyldichlorosilane, trimethylchlorosilane, tetramethyldisilazane and hex- 
amethyldisilazane. ,. M 

[0028] The passivating treatment of the zeolite is carried out in a liquid phase. The passivating agent may be directly 

35 used but in general, it is first dissolved in a suitable solvent. Examples of solvents which are often used include aliphatic 
and alicyclic hydrocarbons such as hexane, octane and cyclohexane, aromatic hydrocarbons such as benzene, toluene 
and xylene, ethers such as ethyl ether and isopropyl ether, lower alcohols such as methanol, ethanol and isopropyl alco- 
hol and alky! ethers of ethylene glycol such as ethylene glycol monomethyl ether and ethylene glycol monoetnyl ether. 
[0029] Ttie desirable solvents are preferably selected in compliance with the kind of passivating agent to be used. The 

40 concentration of the passivating agent in the solvent is in the range of from 2 to 30 wt%. 

[0030] The passivating agent is dissolved in the solvent to form a passivating agent solution, and the aluminosilicate 
is then suspended in the passivating agent solution to carry out the passivation treatment for the aluminosilicate, 
whereby a silicon compound is deposited and fixed on the surface of the aluminosilicate. 

[0031 ] The temperature at which the passivation treatment is carried out is in the range of from room temperature to 
45 the boiling point of the solution and temperatures in the range from 0 to 200°C are often used. When the treatment is 
performed under the application of pressure, the treatment temperature can be further raised. 
[0032] The duration of the passivation treatment depends mainly upon the treatment temperature, but a treatment 
time of from 6 to 100 hours is often used with a treatment temperature in the vicinity of room temperature and a time of 
about 0.5 to 20 hours is often used with a temperature of from 40 to 90°C. 
so [0033] After completion of the passivation treatment, the aluminosilicate is separated from the treatment solution in 
the usual manner such as filtration or centrifugation, and then heated under an atmosphere of inert gas such as nitro- 
gen or under reduced pressure to remove the adhered or adsorbed organic solvent. Next the aluminosilicate is heated 
at 300 to 600°C in an atmosphere of air or oxygen to yield the desired catalyst. 

[0034] The passivation treatment of the aluminosilicate with the passivation agent is not limited to one operation but 
55 it may be repeated a number of times. In particular, the passivation treatment may be repeated several times to afford 
a catalyst possessing the desired selectivity. , . . H . c 

[0035] As to the preferred embodiments, the prepared aluminosilicate is contacted, for example, with a 0.01 to 5 molar 
organic solution of a silicon-containing passivating agent at 0 to 100»C for sufficient time to effect partial or total surface 
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passivation. eg.. 0.01 to 100 hours, preferably with a 0.03 to 3 molar silicon-containing passivating agent solution at 40 
^ r " 5 . to Preferred Passivating agents include such materials as tetraalkyl orthosilicates like tetrae- 

thyl orthosilicate (TEOS); silica gels such as those marketed under the trademarks. Hi-Sil. Ultrasil and Ludox- 
alkytarwne silanes such as n-propylamine silane. available as Hydros.! 2627. or polysiloxanes. It is desirable to perform 
such contact using 5 to 100mL alcoholic solution/g zeolite, especially using TEOS in ethanol. 
[0036] The treatment with passivating agent is believed to provide a silicone dioxide coating on the acidic sites of the 
alum.nosil.cate surface. The passivation treatment can be combined with other conventional techniques such as 
steaming and chemical treatment with inorganic compounds 

[0t TL ■ Fbl 15 h f^ in9 the alkali metal ion 01 the 2eolite into or NH 4+ Prior to passivation, there is often employed a 
method in which the alkali metal salt-type crystalline aluminosilicate is treated with an aqueous solution of ammonium 
salts, such as ammonium nitrate and ammonium surfate. to form an ammonium salt-type crystalline aluminosilicate 
The ammmium salt-type crystalline aluminosilicate may then be calcined in the air at a temperature of 300 to 600°C 
preferably 400 to 500'C. to obtain the H+ form crystalline zeolite. 

[0038] While the zeolite as used in the present invention is preferably of the H+ and/or NH 4 + form, the H+ and/or NHU 
may be partially replaced by other cations, such as alkali, alkaline earth, rare earth, transition metals, oxides etc as 
long as the object of the present invention can be obtained. 

[0039] The catalyst of the present invention can be used in any desired form, such as powder, particles, strips 
spheres and pellets. The catalyst can be self-bound or molded with a binder such as silica. Mania and/or zirconia If alu- 
mina natural clays and/or mixtures of these materials are to be mixed with the zeolite, the zeolite should be first treated 
wrth the pass.vat.ng agent Naturally occurring clays which can be composited with the zeolite catalyst include the 
montmor.non.te and kaolin families. These clays can be used in the raw state as originally mined or initially subjected 
to calcination, acid treatment or chemical modification. 

[0040] Of all the matrix materials mentioned above, materials of low acidity such as silica or zirconia are preferred in 
that they prevent the unwanted side reactions which are engendered by more active materials such as alumina The 
P*! ,la ^ e 01 alumina can- however, be improved by altering its add properties via chemical modification 
l«^ a Lv l e ' atiVe P"^ 005 01 zeolite and matri * ma te"al can vary widely with the zeolite content ranging from 10 
to 98 wt%, and more usually in the range of 50 to 90 wt%. of the composite. 

[0042] In accordance with the process of the present invention, the desired TEDA and PIP can be efficiently obtained 

Z r ^^j*™f ^T'""' 15 aS ** Starting material usi "fl the described zeolite catalyst under pressures ranging 
from 0.001 to 200 atm (0.1 to 20.000 kPa), preferably 0.01 to 1 0 atm (1 to 1000 kPa). 

[0043] The reaction of the amine compound proceeds on contacting it with the described zeolite catalyst under the 
above-specrf.ed Pressure. Reaction conditions such as reaction temperature, reaction time and starting materials/cat- 
alyst ratio, cannot be determmed unconditionally because they vary with the type of amine compound, the type of zeo- 
Ite catalysl t. reaction pressure and the like. Usually the reaction temperature is chosen within the range 100 to 450«C 
preferably 300 to 400°C. • 

£!H£L H^tf « u be , performed batch-wise, semi^continuousiy or continuously. In the case of the continuous 
S WHSVfweiSM hourly space velocity) is not critical, but usually ranges from 0.01 to 10 hr 1 . The preferred 
01 1 to 5h! T erm depending on the temperature. For example, at 300-C. WHSV is 0.02 to 2 hr 1 . and at 350-C, it is 

[0045] In the reaction of the amine compound as a starting material, it may be diluted with an inert gas such as hydro- 
gen, nrtrogen. steam or hydrocarbons, or with an inert solvent such as water and inert hydrocarbons. By using these 
diluents, the reaction can be controlled appropriately. y ^ wiese 

EXAMPLES 1 and 2 

[0046] Examples 1 and 2 compare the results obtained for TEDA and PIP synthesis from an aqueous solution con- 

S.fr!.^!^. 6 "^ , m \ ( ^Aof in9 ZSM " 5 Catalysts betore and after treatment with the silicon-containing 
compound, tetraethyl orthosilicate (TEOS). The operating conditions were: 340«>C.1 atm. and WHSV, EDA , = 1 65 h" 1 
[0047] In Example 1 . HZSM-5 catalyst having a crystal size of -0.07 micron and a silica/alumina ratio of 90 was used 
for the reaction. In Example 2. the HZSM-5 catalyst used in Example 1 (10 g) was stirred in a 100ml ethanolic solution 
conte.n.ng 0.7g TEOS at room temperature for 20 hours. The TEOS treated catalyst was calcined at 500X in a flow of 
air for 4 hours prior to the reaction test. Results in Table 1 show the selectivity for the desired products (TEDA and PIP) 
increased upon treatment of the catalyst with TEOS. 1 ' 
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Table 1 



Example 


EPA Conversion (%) 


TEDA&PIP Selectivity 






(mole%) 


1 


98 


81 


2 


95 


89 



[0048] The data in Table 1 clearly show the beneficial effect of TEDA and PIP selectivity upon treating ZSM-5 zeolite 
with tetraethyl orthosilicate. 

INDUSTRIAL APPLICATION 

[0049] The present invention provides an improvement in the production of TEDA and PIP from amine compounds 
using a zeolite catalyst passivated with a silicon-containing compound. 

Claims 

1 . In a process for preparing triethylenediamine and piperazine by passing an amine compound over a pentasil-type 
zeolite at elevated temperature, the amine compound being an ethanolamine, an ethyleneamine, a piperazine, 
morpholine or a mixture of the foregoing, the improvement which comprises employing a pentasil-type zeolite in the 
hydrogen or ammonium form which has been treated with a surface passivating agent which is a silicon-containing 
compound. 

2. The process of Claim 1 in which the passivating agent is a tetraalkyl orthosilicate. 

3. The process of Claim 2 in which the passivating agent is tetraethyl orthosilicate. 

4. The process of Claim 1 in which the passivating agent is a silica gel. 

5. The process of Claim 1 in which the passivating agent is a polysiloxane. 

6. The process of Claim 2 in which the zeolite has a silica/metal oxide molar ratio of 20:1 to 1000:1. 

7. The process of Claim 6 in which the zeolite is a ZSM-5, ZSM-8 or ZSM-1 1 zeolite. 

8. The process of Claim 7 in which the amine compound is monoethanolamine, diethanoiamine, triethanolamine, eth- 
ylenediamine. diethylenetriamine. triethylenetetramine. piperazine, N-hydroxyethylpiperazine. bis-(hydroxye- 
thyl)piperazine. N-aminoethylpiperazine, morpholine or a mixture of any of the foregoing. 

9 In a process for preparing triethylenediamine and piperazine by passing an amine compound which is an eth- 
anolamine. an ethyleneamine, a piperazine or morpholine, over a pentasil-type zeolite at elevated temperature, the 
improvement which comprises employing a ZSM-5 zeolite in the hydrogen or ammonium form which has been 
treated with a passivating agent which is a silicon-containing compound capable of deactivating the acidic site on 
the surface of the zeolite. 

10. The process of Claim 9 in which the amine compound is ethylenediamine, diethylenetriamine or triethylenete- 
tramine or a mixture thereof. 

11. The process of Claim 10 in which the zeolite has a silica/alumina molar ratio of 20:1 to 1000:1. 

12. The process of Claim 1 1 in which the amine compound is ethylenediamine. 

13. The process of Claim 12 in which the passivating agent is a tetraalky orthosilicate. 

14. The process of Claim 13 in which the passivating agent is tetraethyl orthosilicate. 
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15. In a process for preparing triethylenediamine and piperazine by passing an ethyleneamine over a pentasil-type 
zeolite at elevated temperature, the improvement which comprises employing a ZSM-5 zeolite having a silica/alu- 
mina molar ratio of 20:1 to 1000:1 in the hydrogen or ammonium form which has been treated with a 0.0 1 to 5 molar 
alcoholic solution of a tetraalkyl orthosilicata 

5 

1 6. The process of Claim 1 5 in which the zeolite has a silica/alumina molar ratio of 50:1 to 500:1 . 

17. The process of Claim 16 in which the passivating agent is tetraethyl orthosilicate. 

10 18. The process of Claim 17 in which the zeolite is treated with 0.03 to 3 molar ethanolic tetraethyl orthosilicate sdu- 
tion. 
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